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ABSTRACT
This paper reports on a near-infrared survey of early-type galaxies designed to provide information
on bar strengths, bulges, disks, and bar parameters in a statistically well-defined sample of S0-Sa
galaxies. Early-type galaxies have the advantage that their bars are relatively free of the effects
of dust, star formation, and spiral structure that complicate bar studies in later type galaxies. We
describe the survey and present results on detailed analysis of the relative Fourier intensity amplitudes
of bars in 26 early-type galaxies. We also evaluate the symmetry assumption of these amplitudes with
radius, used recently for bar-spiral separation in later-type galaxies.
The results show a wide variety of radial Fourier profiles of bars, ranging from simple symmetric
profiles that can be represented in terms of a single gaussian component, to both symmetric and asym-
metric profiles that can be represented by two overlapping gaussian components. More complicated
profiles than these are also found, often due to multiple bar-like features including extended ovals
or lenses. Based on the gravitational bar torque indicator Qb, double-gaussian bars are stronger on
average than single-gaussian bars, at least for our small sample. We show that published numerical
simulations where the bar transfers a large amount of angular momentum to the halo can account for
many of the observed profiles. The range of possibilities encountered in models seems well-represented
in the observed systems.
Subject headings: galaxies: spiral; galaxies: photometry; galaxies: kinematics and dynamics; galaxies:
structure
1. INTRODUCTION
S0 galaxies were introduced to the Hubble sequence
by Hubble (1936) as a means of bridging the apparently
catastrophic gap between E7 and Sa galaxies. After real
examples were discovered (see Sandage 1961), the hall-
mark of the class became a disk shape (definitely “later
than” E6 or E7) and an absence of spiral arms or star for-
mation. SB0 galaxies were originally classified as SBa by
Hubble (1926) even though they also lacked arms. This
inconsistency was corrected in Sandage (1961).
Barred S0 galaxies are extremely interesting because
they help to take some of the mystery out of S0s in gen-
eral: a bar is usually a disk feature that is closely related
to spiral structure in many galaxies (e.g., Kormendy and
Norman 1979). In addition, ring features are directly re-
lated to bars in spirals, and SB0s may show vestiges of
similar rings. One could therefore ask whether bar prop-
erties in S0s might provide any clues as to how S0s and
spirals might be related in an evolutionary sense.
We are interested in the distribution of bar strengths
in S0 galaxies, a property of very early-type galaxies that
has not yet been tapped for what it might tell us about
the evolutionary history of S0 galaxies. Early-type galax-
ies have a remarkable array of bar morphologies whose
Fourier and other properties are worth characterizing in
more detail. The advantage we have for examining these
issues is that early-type galaxies show their bars largely
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unaffected by dust, star formation, and spiral structure.
We can look for subtle structural differences between dif-
ferent bars and isolate possible different bar types.
We are also interested in comparing early-type barred
galaxies with the models of Athanassoula (2003, 2005),
who demonstrated the importance of angular momentum
transfer to the halo as a means of producing strong bars.
The Fourier profile information we provide here is ide-
ally suited to comparison with n-body models, and for
evaluating the symmetry assumption used for bar-spiral
separation (Buta, Block, & Knapen 2003).
The Near-InfraRed S0 Survey (NIRS0S) is an attempt
to obtain a statistically well-defined database of images
of S0s from which the properties of S0 bars may be fairly
compared to those of spirals. The Ohio State University
Bright Galaxy Survey (OSUBGS, Eskridge et al. 2002)
provides a valuable dataset for studying the properties of
spiral galaxies, and has been fully tapped for bar strength
studies by Block et al. (2002), Buta, Laurikainen, &
Salo (2004=BLS04), Laurikainen, Salo, & Buta (2004a),
Laurikainen et al. (2004b), and Buta et al. (2005). The
questions we address with the NIRS0S sample are: (1)
how strong do S0 bars get compared to spiral bars? (2)
how does the distribution of bar strengths in S0 galaxies
compare with that for spirals? (3) what characterizes
the morphology of bars in S0 galaxies? and (4) what are
the near-IR luminosity ratios and profile characteristics
of bulges in S0 galaxies?
In describing early-type disk galaxies, we will use spe-
cific terminology. An “ansae” bar is one showing bright
enhancements near the ends (Sandage 1961). A “regu-
lar” bar does not show such enhancements. Ansae bars
are preferentially found in early-type galaxies while reg-
ular bars are preferentially found in later types, although
no statistical study has quantified the difference. A lens
2is a feature showing a shallow brightness gradient inte-
rior to a sharp edge (Kormendy 1979). An oval is a broad
elongation in the light distribution; it differs from a con-
ventional bar in lacking higher-order Fourier terms. If in-
trinsically elongated, a lens can also be an oval. Ovals are
discussed further by Kormendy and Kennicutt (2004).
In this paper, we focus on a set of 26 galaxies from the
NIRS0S having ovals and/or bars, and investigate radial
profiles of relative Fourier intensity amplitudes. We seek
to examine the diversity in early-type bars according to
the symmetry of such profiles.
In section 2, we describe first the rationale for the sur-
vey and the sample selection criteria. In section 3, we de-
scribe the observations made with different instruments
and detectors. The study of the relative Fourier intensity
amplitudes is presented in section 5. A discussion of the
results is presented in section 6.
2. SAMPLE CHARACTERISTICS AND NATURE OF THE
SURVEY
The sample for the NIRS0S has been drawn from the
Third Reference Catalog of Bright Galaxies (RC3, de
Vaucouleurs et al. 1991). We selected all galaxies in
the revised type range −3 ≤ T < 2 (S0− to Sa) having
BT ≤ 12.5 and logR25 ≤ 0.35 as targets for the survey,
which amounts to 170 galaxies. However, any sample
of S0 galaxies is bound to have a bias in the sense that
some nonbarred S0s lacking any distinct structure will
likely be classified as elliptical galaxies. This could have
serious effects on a bar strength study. To reduce the bias
somewhat, we have supplemented the sample with 20
more galaxies that are classified as E or E+ in RC3, but
which are shown by Sandage and Bedke (1994=SB94)
to be S0 galaxies. In these cases, we believe the SB94
types to be more accurate. Related to this issue is the
possibility that some galaxies classified as S0 in RC3 are
actually E galaxies. This is shown to be the case with two
of our ESO sample galaxies (Laurikainen et al. 2006).
In order to identify such cases, we have to rely on the
multicomponent decompositions.
Another potential problem in an early-type disk galaxy
sample is the misclassification of edge-on disks as bars,
something which could happen if an edge-on disk is im-
mersed in a significant bulge component or if the disk is a
polar ring. Detailed analysis should identify such cases.
The sample selection criteria do not perfectly match
those of the OSUBGS because S0s are not as abundant
in RC3 as are spirals for the OSUBGS selection criteria
(mainly BT ≤ 12.0). We decided it was more important
to try and match the sample size of the OSUBGS rather
than the exact selection criteria. Although the OSUBGS
had no restriction on logR25, we imposed such a restric-
tion on our S0 sample because bar strengths cannot be
derived reliably for highly-inclined galaxies.
The rationale for observing S0s in the near-IR requires
some discussion. Although both S0’s and spirals are
highly flattened disk-shaped systems, S0’s mostly lack
spiral structure and star formation. By default such sys-
tems tend also to be low in dust content. This means
that, in principle, bar strengths in S0s could be derived
in optical bands with little impact due to dust. The rea-
son we chose not to follow such an approach is that we
wanted to make a fair comparison between bars in S0s
and bars in spirals. In optical bands, bars in spirals may
be affected by star formation, leading dust lanes, and
even more disorganized dust lanes, such that the kind
of analysis we describe here is less effective for deter-
mining bar properties. These effects are minimized or
eliminated in the near-IR, and thus to make the compar-
ison with spirals fair, it is essential that the S0s also be
observed in the near-IR. In addition, some S0s do have
dust, and the impact of this dust is minimized in the
near-IR passbands.
Figure 1 shows how our sample galaxies are distributed
in type, family, and absolute B-band magnitude. Figure
1a shows that the dominant type is T=−2, or S0◦. A
significant fraction of these has no family estimate in
RC3, but among the ones that do, those classified as
type SA0◦ contribute the most to the T=−2 peak. The
unusual distribution for the SAB galaxies in the sample
is partly due to classification uncertainties, as noted by
de Vaucouleurs (1963). SB galaxies in the sample are
more uniformly distributed across the type bins.
Table 1 summarizes mean absolute B-band magnitudes
and RC3 types for the same samples as illustrated in Fig-
ure 1. The average absolute magnitude for the full sam-
ple is comparable to that for the spiral sample used by
BLS04. Most noteworthy is that the SB galaxies in the
NIRS0S sample have a fainter average absolute magni-
tude than the SA and SAB galaxies, the difference being
significant at the 2σ level. Also, the SAB and SB galax-
ies are on average of later type than the SA galaxies
(3σ level) and for the full sample, which includes some
E galaxies. The sample is still biased in much the same
way as the OSUBGS sample of spirals (BLS04), with few
galaxies having MB > −18.
3. OBSERVATIONS
Observations related to NIRS0S have been taken at
the Nordic 2.5m Optical Telescope (NOT) in January
and September 2003 and January 2004, and with the
ESO 3.5-m New Technology Telescope (NTT) in Decem-
ber 2004. The NOT observations were made with NOT-
Cam, a multi-mode instrument that can provide images
in the 1-2.5µm region. We used it to observe 45 galaxies
in wide field imaging mode, which provided a 4′×4′ field
of view with 0.′′23 pixels. Flat fielding was accomplished
with twilight frames. All of the NOT galaxies were ob-
served in the 2.15µm K-short (Ks) band, whose shorter
wavelength cutoff than the regular K-band reduces some
of the thermal background component. (See Persson et
al. 1998 for a discussion of this filter and its relation to
the regular Johnson K filter.) In some cases, we also ob-
served an object in the J-band (1.25µm) in order to use
color gradients to evaluate the constancy of the stellar
mass-to-light ratio used in gravitational torque analyses
(Quillen, Frogel, & Gonza´lez 1994). Other aspects of
the data reduction are described by Laurikainen et al.
(2005=LSB05, paper 1).
The NTT observations were made with SofI, a wide-
field IR spectro-imager designed for the 1-2.5µm region.
We used SofI to image 15 galaxies with a field of view
of 4.′9×4.′9 and a pixel size of 0.′′29. As with NOTCam,
the SofI observations were made with a Ks filter supple-
mented in a few cases with a J-band filter. The reduc-
tions for this dataset are described by Laurikainen et al.
(2006, paper 3).
The galaxies observed up to the time of the present
3analysis were selected by observing conditions and the
time of year, and should be a representative subset of
the whole NIRS0S. A few galaxies outside the NIRS0S
sample are included in the present data set because
some of our NOT runs were carried out under precari-
ous conditions of wind and seeing that limited our access
to NIRS0S sample galaxies. In this circumstance, we
relaxed our magnitude limit somewhat to accomodate
other accessible objects.
4. MULTI-COMPONENT DECOMPOSITIONS AND
DEPROJECTED IMAGES
LSB05 have analyzed 24 of the NOT galaxies observed
for our survey. A decomposition analysis of the ESO
sample is provided in a separate paper (Laurikainen et al.
2006). In addition to providing new information on the
bulge and disk properties of S0s, these studies also have
provided deprojected images, constructed using orienta-
tion parameters based, when possible, on deep optical
images. The deprojected images are corrected for bulge
deprojection stretch by using the decompositions to re-
move the bulge, deprojecting the disk alone, and then
adding back the bulge as a spherical component. The
decompositions were essential because relative Fourier
intensity profiles would be affected if bulge shapes were
ignored. With corrected images, we can reliably ana-
lyze these profiles for as much intrinsic information as
possible. LSB05 and Laurikainen et al. (2006) list the
orientation parameters used for our deprojections.
Note that in some cases, the deprojection procedure
fails because the bulge has a flattening intermediate be-
tween a sphere and a highly flattened disk. This is man-
ifested as undercorrected light along the galaxy minor
axis, leaving zones deficient in light that distort the in-
ner parts of the bar. For our analysis here, we do not use
those galaxies (NGC 1350, 3626, 4340) in our present
sample where these deficient zones appeared to be sig-
nificant. For one of these cases (NGC 1079), we used
deprojected images where the bulge is assumed to be as
flat as the disk. This left some “deprojection stretch”
amplitude in the inner regions but had little effect on
the bar. Also, those galaxies having little or no bar are
not included. This left 26 galaxies for our Fourier study.
Table 2 summarizes types, diameters, distance moduli
(Tully 1988), and absolute B-band magnitudes of these
26 galaxies. Unlike the types used in Table 1 and Fig-
ure 1, these are new classifications taken mostly from
the de Vaucouleurs Atlas of Galaxies (Buta, Corwin, and
Odewahn 2006), and are based on deep optical CCD im-
ages with the exceptions of NGC 1440, 2781, 2787, and
3941 whose types Buta has estimated from photographs
in Sandage and Bedke (1994). The classifications are
in a modified version of the de Vaucouleurs (1959) re-
vised Hubble-Sandage system (Buta 1995). We use these
classifications here because some are more accurate than
RC3 classifications. Several galaxies in Table 2 which
are classified as types S0o or S0+ in RC3 are actually
early-type spirals. The average revised T index of the
26 galaxies on the RC3 numerical scale is −0.3, or type
S0/a. Thus, this particular subset of the NIRS0S sample
is dominated by early-type transitional spirals.
5. RELATIVE FOURIER INTENSITY PROFILES OF
SB0-SBA BARS
The NIRS0S database as of this writing does not have
enough galaxies to reliably tell us about the distribution
of bar strengths in early-type disk galaxies, but the sam-
ple is large enough to allow us to investigate a simple
characteristic of SB0 bars: the behavior of their rela-
tive Fourier intensity amplitudes and phases with radius.
This is an important issue because (1) only for early-type
galaxies can the Fourier properties of bars be studied
largely unaffected by spiral structure; (2) the resulting
Fourier profiles have the potential for allowing us to cat-
egorize bars with different Fourier characteristics; and
(3) the same kind of analysis can be applied to n-body
model bars (e.g., Athanassoula 2003).
A particular question we ask in this paper is: Do SB0
galaxies support the symmetry assumption used in bar-
spiral separation? That is, do the relative Fourier in-
tensity amplitudes of all even m terms decline radially
past a maximum in the same or a similar manner as
they rose to that maximum? Buta, Block, & Knapen
(2003=BBK) showed that bars can be effectively sepa-
rated from spirals using this kind of assumption. With
the symmetry assumption, bars can be extrapolated into
spiral-dominated regions, and removed from an image.
If one adds the axisymmetric background to the mapped
bar image, then the strength of the bar alone can be es-
timated without the influence of spiral torques. Using
this approach, Buta et al. (2005) were able to derive
the distribution of true bar strengths (rather than to-
tal nonaxisymmetry strengths) for nearly 150 galaxies in
the OSUBGS. Although the symmetry assumption had
some support in previous optical studies of barred galax-
ies (e.g., Ohta, Hamabe, & Wakamatsu 1990), it can only
be reliably evaluated if a bar is clean, i.e., not affected by
dust or spiral structure. The NIRS0S is therefore ideal
for validating this approach.
Our subset of 26 NIRS0S galaxies includes only those
observed so far having conspicuous bars or ovals. The
deprojected Ks-band images of these galaxies are shown
in Figure 2. These are displayed mainly to reveal the pri-
mary bars and ovals, but not necessarily secondary bars
or ovals, the discussion of which is covered in more detail
in papers 1 and 3 (LSB05; Laurikainen et al. 2006). We
find a variety of Fourier properties of bars. Our main re-
sult is that the relative Fourier intensity profiles of bars
in SB0 galaxies can be represented in simple ways, rang-
ing from symmetric single component bars, to symmet-
ric multicomponent bars, to asymmetric multicomponent
bars. We discuss the implications of these findings for the
bar-halo interaction scenario proposed by Athanassoula
(2003, 2005).
5.1. Fourier Profiles
Figure 3 shows plots of the relative Fourier intensities
Im/I0 and phases φm for our subset of 26 NIRS0S galax-
ies. Although we computed these profiles for all even
Fourier terms to m=20, Figure 3 shows only the Im/I0
profiles for m = 2, 4, 6, and 8 and φm profiles for m
= 2 and 4. The latter sometimes show sharp changes in
phase due merely to the 360◦/m periodicity of the terms.
We can make a few general observations concerning
these profiles. First, considering that these are near-IR
images of early-type disk galaxies, the profiles of many
are surprisingly complex. Second, more than 2/3 of the
galaxies show small peaks in m=2 amplitude near the
4center that are in some cases weak nuclear ovals or sec-
ondary bars. These features are almost never aligned
with the primary bar according to the phase plots. Third,
the m=2 profiles are often more complicated than the m
> 2 profiles, showing extra components in the nonax-
isymmetric light distribution.
Interpreting the nuclear features requires some caution.
The Fourier profiles are derived from deprojected images
where the bulge stretch has been corrected, but only to
the extent of approximating the bulge as a spherically
symmetric light distribution. In the final fits of the de-
compositions described in LSB05 and Laurikainen et al.
(2006), most of the bulges were described by elongated
light distributions. Thus, the reliability of the m=2 pro-
files and phases for the identification of central compo-
nents is questionable in some cases. Although we analyze
the secondary bars in NGC 1317 and 3081 in the present
paper, we refer to LSB05 and Laurikainen et al. (2006)
for detailed discussions of the other nuclear features.
Most notable in the Fourier plots are the galaxies
whose bar profiles are exceptionally symmetric. Cases
like NGC 936, 1326, 1387, 1440, 1533, 1574, 2217, 2787,
2983, 3941, 4596, and 4608 have primary bars that are
symmetric enough that if these bars coexisted with a
spiral, the symmetry assumption would recover the bar
reliably (section 5.7).
The remaining galaxies show more complicated profiles
with evidence for multiple components. In some cases,
these components almost do not overlap, as in NGC 1317,
1574, 2681, 2781, and 3081. In each of these cases there is
an inner component whose Im/I0 profiles are symmetric,
but whose outer profiles may or may not be symmet-
ric. Other galaxies simply have asymmetric profiles for
a variety of reasons. In the next section, we attempt to
interpret the structure of each bar in the sample.
5.2. Gaussian Components
The appearance of many of the profiles in Figure 3
suggests that single or multiple gaussians in fixed po-
sition angles could represent the relative Fourier inten-
sity profiles of bars. This provides a convenient way of
specifying the radial behavior of bars that could be use-
ful for comparisons with n-body simulations. Figure 4
shows our gaussian fits to all the main profiles in the
sample. These were obtained via nonlinear least squares
using several routines from Numerical Recipes (Press et
al. 1986). In addition, Figure 5 shows reconstructed
images of the mapped bars (excluding the m=0 term),
while Figure 6 shows the light remaining after the bar
model and the m=0 term are subtracted. The appear-
ance of these plots depends on how many terms were
needed to represent the bar. Weak bars or ovals required
only a few terms, while strong bars were mapped with
all even terms to m=20. The residual images include all
odd Fourier terms as well as any even terms not part of
the mapped bar. The bar mappings use average phases
for each term over a range of radii.
5.2.1. Single-Gaussian Fourier Profiles
Figure 4 shows that some observed bars have Im/I0
profiles that are well-fitted by a single gaussian in all
terms, with little or no amplitude outside this compo-
nent. The bars seen in NGC 1387, 1440, 1533, 2787, and
3941 are like this. Related are cases like NGC 1574 and
2681, where an extended oval is both misaligned with
and mostly outside the main bar. In these cases, the
single gaussian characteristic still applies to the primary
bar, which is mostly separate from the oval. NGC 2217
may also be in this category, although it has a significant
secondary bar and a faint outer ring, and its profiles are
less regular in appearance.
For these galaxies, the bar plus background disk/bulge
light can be described mathematically as
I(r, φ) = I0(r)[1+
4,6,etc.∑
m=2
Ame
−
(r−rm)
2
2σ2
m cosm(φ−φm)] 1
where Am is a constant, rm is the mean radius, σm is
the gaussian width, and φm is the phase for each Fourier
component m. The parameters of these single gaussian
representations are summarized in Table 3; for NGC 1317
and 3081, the fits refer to a strong secondary bar.
5.2.2. Double-Gaussian Fourier Profiles
Other galaxies in our sample have lower-order Im/I0
profiles that are better represented by a double gaussian
fit. The bars seen in NGC 936, 1452, 2983, 4245, 4596,
4608, and 4643 show this characteristic. For NGC 936
and 2983, only the m=2 term required a double-gaussian
fit, while for NGC 1452 and 4643, even the higher-order
terms required double-gaussian fits. For these galax-
ies, the bar plus background disk light can be described
mathematically as
I(r, φ) = I0(r)[1+
2∑
n=1
4,6,etc.∑
m=2
Anme
−
(r−rnm)
2
2σ2
nm cosm(φ−φm)]
2
In principle, φm could be different for the two gaussian
components, but in such a case the two features would
not be part of the same bar and would have to be ana-
lyzed separately. The parameters of the double-gaussian
representations are also summarized in Table 3, divided
into components 1 and 2.
5.3. Multi-Component Fourier Profiles
The remaining galaxies in our sample show more com-
plicated Fourier profiles compared to the single and dou-
ble gaussian cases. The presence of rings, multiple bars,
extended ovals, and sometimes faint spirals is often the
reason why the more simple representations outlined
above do not work. Nevertheless, the profiles in these
cases can usually be partly interpreted in terms of single
or double gaussians, as shown in Figure 3.
For example, in NGC 718 the bar is an unusual multi-
component type including an inner pointy oval, two
bright ansae beyond the ends of this bar, and an extended
oval, all in approximately the same position angle. The
double gaussian fit shown in Figure 4 does not include
the extended oval. Beyond a radius of 35′′, faint spiral
structure also adds amplitude.
In NGC 1022, the bar shows considerable isophote
twisting. We can identify at least two components in this
bar in different position angles, and show an approximate
separation in Figure 4 based only on the symmetry as-
sumption and not on gaussian fits. There is also an outer
ring and weak spiral structure outside the bar region.
5The primary feature in NGC 1302 is a pointy oval that
can be characterized in terms of a double gaussian with
the two components in slightly different position angles.
There is extra m=2 and 4 amplitude outside this bar
that is very faint and difficult to interpret.
NGC 1317 is an interesting case where the primary
feature is an oval, while the secondary bar is a normal
bar in a position angle offset by 90◦. The primary oval
shows a relatively symmetric multi-componentm=2 pro-
file, while the secondary bar is approximately a single-
gaussian type that does not appear to overlap the pri-
mary oval. The two components show Fourier profiles
that are completely separated.
All of the amplitude from 10′′–80′′ has virtually the
same phase in NGC 1326. Its nonaxisymmetry is charac-
terized by an ansae type primary bar imbedded within a
highly elongated oval. The Fourier profiles can be repre-
sented well with a double gaussian fit to the m=2, 4, and
6 terms. The asymmetry in each of these terms changes
because the outer Fourier component weakens relative to
the inner one with increasing m. There is extra m = 2
and 4 light that appears to be due to enhancements in
the outer ring along the bar axis.
NGC 1512 is an early-type spiral with a strong pri-
mary bar and an elongated inner pseudoring around the
bar. The presence of the ring means we cannot study
the bar profile alone. Figure 4 shows how we would map
the bar using the symmetry assumption. The double-
humped mapping completely removes the bar from the
image. The remaining amplitude is connected with the
oval intrinsic shape of the inner pseudoring.
NGC 2273 is an early-type spiral having a well-defined
bar, inner spiral pseudoring, and an extended oval, all
in approximately the same position angle. The double-
gaussian representation shown in Figure 4 provides a
good approximation to the bar. The excess m=2 am-
plitude beyond r=40′′ is due to the innermost of the
galaxy’s two outer rings. This ring is intrinsically aligned
perpendicular to the bar and oval.
As already noted, the classified bar in NGC 2681 is
mostly a single gaussian type, but outside this bar is
a significantly extended and somewhat pointy oval in a
very different position angle. This oval is a major feature
of the galaxy’s nonaxisymmetry distribution.
The m=2 profile of NGC 2781 shows an approximately
gaussian peak at r=6.′′5 due to a small inner disk in the
center, noted by LSB05. Completely separate from this
feature is a broad, extended oval with a slightly asymmet-
ric profile. This feature can be well-represented by two
displaced gaussians in slightly different position angles.
The two gaussians are shown separately in Figure 4.
NGC 2859 is very similar to NGC 2781 in having a
very broad m=2 hump at larger radii. The broad hump
includes a significant ansae-type bar and an extended
oval. Figure 4 shows a double-gaussian representation of
the two features. Significant m >2 amplitude is found
mainly for the inner gaussian component.
NGC 3081 is the most interesting of the multi-
component cases. One can identify three clear bar-like
features: a secondary bar, a weak primary bar, and an
extended oval in the form of a bright elliptical inner ring
(Buta & Purcell 1998). The primary and secondary bars
have nearly the same maximum value of I2/I0, but the
extended oval ring is clearly the dominant nonaxisym-
metric feature. The secondary bar is well-represented as
a single gaussian type.
5.4. Summary of Bar Components
Table 4 summarizes the results of the previous section.
It lists the principal feature seen in the Fourier profiles
and any bar-like features seen at larger radii. The infor-
mation listed in column 3 of Table 4 shows that ansae-
type bars are as frequent as normal (“regular”) bars in
this sample. Some of the barred properties are high-
lighted in LSB05 and Laurikainen et al. (2006), as well
as in other publications (e.g., Wozniak et al. 1995; Laine
et al. 2002; Erwin 2004).
The results show that Fourier analysis well separates
bar/oval/lens structures from spiral arms, with oval/lens
structures affecting both double-gaussian and multi-
component profiles. One of the interesting results from
Table 4 is the large fraction of the sample galaxies that
have a bar which is not associated with a strong extended
oval. Cases like NGC 1387, NGC 1440, and NGC 3941
present some of the purest bars (in Fourier space at least)
known. Nevertheless, our 2D decompositions give some-
what different views of the structures seen in some of
these galaxies. For example, LSB05 and Laurikainen et
al. (2006) note that including a lens in the decomposi-
tion models of NGC 1387, 1440, 1533, 1574, and 3941
improves the fits (but has no effect on bulge-to-total lu-
minosity ratios); all of these show single gaussian Fourier
profiles. In some of these cases, the lens in question is
more of an outer lens (Kormendy 1979) than an inner
lens and the features have little impact on the Fourier
terms because they are not very barlike. In the cases of
NGC 1533 and 1574, significant m=2 amplitude is seen
outside the bar region (Figure 4). Fourier decomposition
and 2D multi-component decompositions do not always
detect the same structural components because the for-
mer is designed to characterize non-axisymmetric com-
ponents, while the latter must model all components,
both axisymmetric and nonaxisymmetric. The two ap-
proaches are complimentary, and we use Fourier analysis
here only to characterize aspects of the bars seen.
In contrast to NGC 1387, 1440, and 3941, many galax-
ies have bars imbedded in more significant extended
ovals. These ovals are often aligned with the main bar,
but misalignment is also found. Also, the ovals may lie so
far out that they are distinct entities in their own right.
NGC 2859 is an example of an ansae-type bar imbed-
ded in a considerably extended, aligned oval, while NGC
1079 is an example of an ansae-type bar in a slightly mis-
aligned extended oval. It is important to note that the
extended ovals are distinct from their associated bars. As
seen in NGC 2859, the main bar has significant higher-
order Fourier terms, while the extended oval only appears
in the m=2 term.
The mean Fourier parameters for the objects fitted
with single or double gaussians in Table 3 are summa-
rized in Table 5. The results show that bars fitted by
single gaussians on average are shorter than those requir-
ing double gaussians and have a smaller gaussian width.
The single gaussian bars have < r2 > = 1.8 ± 0.3 kpc
and < σ2 > = 0.58 ± 0.10 kpc, compared to < r2 >
= < r12 > = 2.8 ± 0.4 kpc and < σ2 > = < σ12 > =
0.88 ± 0.12 kpc for the double gaussian bars. The mean
absolute blue magnitudes are nevertheless very similar
6between the two groups (last line of Table 5). Single
gaussian bars have smaller relative Fourier amplitudes
of higher order terms, and less increase in rm with in-
creasing m, as compared to at least the first gaussian
component of the double gaussian bars. The gaussian
widths tend to be larger for m=2 than for m >2.
5.5. Elmegreen Bar Classifications
An important additional piece of information is the
classification of these galaxies according to their bar
surface brightness profiles. Elmegreen and Elmegreen
(1985) showed that bars can be divided into flat and
exponential types according to the shapes of these pro-
files. Figure 7 shows surface brightness profiles along the
primary bar major and minor axes for 25 of our sam-
ple galaxies. (The profiles shown for NGC 1317 are in-
stead for the secondary bar.) The profiles are normal-
ized to the radius r2 (or the maximum of r12 and r22)
of the m=2 Fourier term. Also, the surface brightness
is shown relative to that at the radius r2. From these
profiles we have derived the classification of the main
bar given in Column 5 of Table 4. The profiles show a
wide range of shapes that includes both of the Elmegreen
types, although half of the galaxies are clearly intermedi-
ate between flat and exponential. Only two of our sam-
ple galaxies are of the exponential type, which is not
unexpected given that Elmegreen and Elmegreen (1985)
found exponential profiles mainly for later type galaxies.
Table 4 also shows that there is no correlation between
Elmegreen bar type and the Fourier profile characteris-
tics. However, the ansae-type bars are more often of the
flat type than are the regular bars.
5.6. Bar Strengths
Bar strengths provide an additional way of comparing
the various Fourier profile categories among our sample
galaxies. We have used the gravitational torque approach
(Sanders & Tubbs 1980; Combes & Sanders 1981; Buta
& Block 2001) to derive the bar strength, Qb, from our
gaussian-fitted or symmetry-mapped bar images. This
parameter is derived assuming a constant mass-to-light
ratio and negligible dark matter, but allows for the less
flattened shape of the bulge and an exponential vertical
density distribution having vertical scaleheight derived
from a fraction of the radial scale length. The procedure
is described by Laurikainen & Salo (2002), Salo et al.
(1999, 2004), and Laurikainen, Salo & Buta (2004). From
the force in the plane, we derive Qb as the maximum of
the function
QT (r) =
|FT (r, φ)|max
< |FR(r, φ)| >
,
where |FT (r, φ)|max is the maximum tangential force
and < |FR(r, φ)| > is the azimuthally-averaged radial
force. The resulting values of Qb are compiled in Table
6, and differ only slightly from the total nonaxisymmetric
strength Qg presented for these galaxies by LSB05 and
Laurikainen et al. (2006).
A comparison between Tables 4 and 6 shows that single
gaussian bars have a lower average Qb than do double
gaussian bars. For the 7 single gaussian cases, < Qb > =
0.116 ± 0.049 (stan. dev.) while for 10 double gaussian
cases, < Qb > = 0.222 ± 0.106 (stan. dev.). For the 9
remaining cases, < Qb > = 0.161 ± 0.068 (stan. dev.)
using the main bar feature when multiple components are
listed. The results suggest that single gaussian bars are
weaker on average than double gaussian bars, although
the two groups overlap somewhat in Qb.
The “Qb family” in Table 6 is a quantitative family
estimate based on Qb (Buta et al. 2005). The Qb family
is SA ifQb < 0.05, SAB ifQb=0.05-0.10, SAB ifQb=0.10-
0.20, SAB if Qb=0.20-0.25, and SB if Qb ≥ 0.25. These
ranges were chosen by Buta et al. (2005) to approximate
the way these classifications are often made, especially
for the underline types. Interestingly, from Table 2, 17
of our galaxies are visually judged to be type SB, while
only 6 are SB from the Qb family. The bars in these
early-type galaxies are not as strong as they look owing
to the significant background bulge and disk components
in most cases. The strongest bar in our sample is that
seen in NGC 1452, with Qb=0.42. Although this kind
of bar strength is not unusual for a late-type spiral, it is
exceptional in our early-type galaxy sample.
5.7. Evaluation of the Symmetry Assumption
The symmetry assumption of relative Fourier intensity
profiles was used by Buta, Block, & Knapen (2003) as a
straightforward way of separating bars from spirals that
allows the determination of quantitative bar strength
with the effects of spiral arm torques largely removed.
The assumption was based on the appearance of such
profiles in the B-band for six early-type barred galaxies
(NGC 1398, 2217, 4440, 4643, 4650, and 4665; types S0+
to Sab) shown by Ohta, Hamabe, & Wakamatsu (1990).
Although first suggested by B-band imaging, the near-
IR is still a better band for evaluating this issue because
of its reduced sensitivity to dust and star formation.
We have shown that relative Fourier intensity profiles
of bars in early-type galaxies show considerable symme-
try in some cases, and asymmetry in others. Here we
evaluate the impact on Qb of applying the symmetry as-
sumption to two early-type bars with asymmetric Im/I0
profiles.
In our sample, NGC 1452 is a strong case of asym-
metry in its bar profile. Figure 8 shows two different
applications of the symmetry assumption to the low or-
der Fourier terms. In the first, the m=2 amplitudes are
reflected around r2=24
′′ while in the second these am-
plitudes are reflected around r2=30
′′. The higher or-
der terms simply follow these mappings with rm increas-
ing with m. Figure 9 shows the light remaining after
these bar extrapolations are applied. For the r2=24
′′
case (left panel), the bar is clearly not fully removed,
showing residual ansae. The r2=30
′′ case does a much
better removal of the bar. Still, one can see in the map
(at the bar ends) where too much bar light has been re-
moved, as expected. The r2=30
′′ mapping is very similar
to what we have used here for NGC 1512. The double-
humped representation in that case removes the observed
bar from the Ks-band image very well, and reveals the
spiral arms near the ends of the bar.
To evaluate the impact of the two representations of
NGC 1452’s bar on bar strength, we have computed Qb
for the double-gaussian representation in Figure 4 and
the two representations in Figure 8. In all three cases,
we assumed a vertical scale height of 10.′′0 (1.1 kpc using
the distance from Tully 1988). The double-gaussian fit
7gives Qb=0.416 (Table 6), while the r2=24
′′ case gives
Qb=0.356 (14% difference) and the r2=30
′′ case gives
Qb=0.432 (4% difference). Thus, even for an extreme
case like NGC 1452, the uncertainty in Qb introduced
by the symmetry assumption is relatively small. In most
bar-spiral separations, residuals like those seen in Fig-
ure 9 do not occur (Buta et al. 2005).
Next we apply the symmetry assumption to NGC 4245,
a case where the main peak in the bar might be lost if
a strong spiral surrounded the bar. Figure 10 shows the
rising portions of the m=2, 4, and 6 profiles reflected
around r=33′′. This mapping removes most of the bar
but leaves two weak enhancements near the bar ends (not
shown). The double gaussian mapping in Figure 4 gives
Qb=0.180 (Table 6) while the Figure 10 mapping gives
Qb=0.174, a 3% difference.
These two cases demonstrate the effectiveness of the
symmetry assumption as a way to separate spiral torques
from bars and derive true bar strengths, not only for the
majority of galaxies with well-define, symmetric Fourier
profiles, but even for those where the Fourier profiles are
less well-behaved, such as NGC 1452 and 4245.
6. DISCUSSION
Interpretation of the results in this paper requires a
theory that accounts not only for bar strength and pat-
tern speed, but also the varied shapes of bars. Stud-
ies by Athanassoula (2005 and references therein) show
that angular momentum exchange is at the heart of all
of these issues. Critical to the properties of bars is how
much angular momentum is transferred to the halo. The
effect depends on the density of matter in halo reso-
nances and on how cold or hot the resonant material
is. In order to absorb angular momentum a halo must
be “live”, as opposed to a rigid halo that cannot inter-
act with other galaxy components. Cold, live halos can
absorb so much angular momentum that a bar can grow
very strong. Weaker bars form in warmer, smaller halos
or rigid halos, while in hot disks, mainly ovals will form.
The extreme effects of a live halo interaction has led to
the possibility that bars might be found in systems lack-
ing a background disk in the bar region. Gadotti and de
Souza (2003) present two possible cases of this, although
LSB05 present contrary evidence that does not support
their claim.
Athanassoula computes relative Fourier mass profiles
for her models that can be compared to the Im/I0 profiles
presented in this paper. Provided the mass-to-light ratio
in the Ks band is relatively constant, such a compari-
son should be fair. The problems of comparing n-body
models with real bars are summarized by Athanassoula
& Misiriotis (2002), who discuss the types of bars that
develop in massive halo (MH), massive disk (MD), and
intermediate models. Considering that the models are
not of any specific galaxy, and are only a few of a large
number of models actually computed, the relative Fourier
mass profiles well resemble the observed profiles for some
of our galaxies. The MH models show strong m=2, 4, 6,
and 8 components while these are much weaker for the
MD models, with m=6 and 8 being in the noise. The
MH profiles most resemble those for NGC 1452, 2983,
4608, and 4643 in our sample. The model bars have a
fairly sharp outer edge, as is seen in these galaxies.
Athanassoula (2003) shows how the mass of the halo
impacts the Fourier terms. More massive halos lead to
stronger bars. Her most massive halo model (Mγ3) has
Fourier profiles similar to those of NGC 1452 and 4643,
two of the strongest bars in our sample. Model MH1,
with a less massive halo, has profiles similar to NGC 936
and 2787, while model MH2, with the lowest halo mass
in the three illustrated, shows mainly an oval bar and
has profiles resembling those of NGC 1302 and 2781.
The good agreement between the models and the
observations is further shown by the simulations of
Athanassoula, Lambert, & Dehnen (2005), who evalu-
ate the effects of a central mass concentration (CMC) on
the evolution of the bar models in the previous papers.
They show that a CMC has an effect on the higher m
terms, weakening their importance and leading to more
m=2-dominated bars. Before the introduction of a CMC
in their massive halo (MH) models, the relative Fourier
mass profiles (their Figure 4) strongly resemble those we
observe for NGC 4643, which has the sharpest outer edge
of all the bars in our sample. In this model, the mass
ratios A4/A2 = 0.69, A6/A0 = 0.47, and A8/A0 = 0.36,
are very comparable with the intensity ratios found using
the first gaussian component of NGC 4643: I4/I2=0.66,
I6/I2=0.45, and I8/I2=0.29, respectively (from Table 3).
Comparable values are found for NGC 1452 and NGC
4608. In their MH models with a CMC, the profiles are
more symmetric and the ratios above are considerably
reduced. This is as observed for most of the other galax-
ies in our sample whose bars are weaker. Massive disk
(MD) models in this paper also show similar effects, but
the bars are weaker than for the MH models and the
profile asymmetries are less important.
Bureau & Athanassoula (2005) present three n-body
models designed for deducing diagnostics of edge-on bars.
These models are similar to those used by Athanassoula
& Misiriotis (2002) and include a weak bar, an interme-
diate strength bar, and a strong bar, with each model bar
surrounded by a strong (and largely circular) stellar inner
ring. The Fourier decompositions of these barred galaxy
models again resemble the galaxies described above. In
the strong bar model, the outer end of the bar has a sharp
edge, similar to what is seen in NGC 1452 and 4643 in our
sample. The strongest circular inner rings in our sample
are seen in NGC 1452 and 4608 (Figure 2). Weaker cir-
cular inner rings are seen in NGC 936, 1317, and 2787,
but in several of our galaxies the rings are highly elon-
gated. Early-type barred galaxies have a wide range in
intrinsic inner ring shapes, as is typical of such features
(Buta 1995).
The relative Fourier intensity profiles of the bars in
our sample could also include some of the effects of bar
destruction. The bars in our sample that include over-
lapping extended ovals could be cases where the bar de-
struction was in progress at the time the galaxies became
relatively deficient in gas. Bournaud & Combes (2002)
suggested that bar destruction in the absence of external
gas accretion can lead to an oval lens feature (see also Ko-
rmendy 1979). An extreme example of this in our sample
could be NGC 2859, where the impact of the oval lens
extends considerably beyond the ends of the bar. Our
Fourier analysis is efficient for separating the lens from
the bar in this case, based on the disappearance of the
higher order Fourier modes in the lens. Such an extended
oval is only weakly seen in NGC 1452, 4608, or 4643, as
8if these bars were at their peaks and had not begun to
disintegrate. These same three galaxies also have little
or no central oval or secondary bar.
7. CONCLUSIONS
We have described a new survey designed to study
the near-IR properties of bars in early-type (S0-Sa) disk
galaxies. The goal of the survey is to obtain a statisti-
cally useful database that is comparable in size to that of
the OSU survey of bright spiral galaxies, for the princi-
pal purpose of deriving the distribution of bar strengths
in S0-Sa galaxies. LSB05 have presented a multicompo-
nent decomposition analysis of 24 galaxies in our sample
obtained thus far. Adding in a number of galaxies ob-
served with the ESO NTT (Laurikainen et al. 2006), we
have examined in this paper the relative Fourier intensity
profiles of the bars in a subset of 26 early-type galaxies,
for which the multi-component decomposition analysis
provided deprojected images.
The results show that a significant fraction (17/26) of
the bars in our sample have simple relative Fourier in-
tensity profiles that can be described in terms of single
or double gaussians. The single gaussian Fourier profile
types represent the simplest types of bars. The presence
of extended ovals, secondary bars and nuclear ovals, as
well as intermediate types of features, complicates many
of the observed profiles. There is an indication in our
sample that single gaussian bars are weaker on average
than double gaussian bars.
Although gaussians can represent the Im/I0 profiles of
some bars, the exact physical significance of such repre-
sentations is unclear at the moment. Nevertheless, nu-
merical bar models reproduce the types of Fourier pro-
files we observe in our early-type galaxy sample. We
have shown that the profiles of the strongest bars in our
sample resemble those found for massive halo models of
barred galaxies where the angular momentum exchange
between a bar and a massive live halo can be very ef-
fective. The weaker bars in our sample may show the
effects of CMCs or have hotter and smaller halos, or just
have more massive disks, than the stronger bars. In any
case, it is clear that Im/I0 profiles provide a fruitful way
of comparing models and simulations, and that further
such comparisons may clarify the relative importance of
different effects.
We have shown that early-type galaxy bars support
the symmetry assumption used in bar-spiral separation
studies. Even in an extreme case of very asymmetric
Im/I0 profiles, the use of the symmetry assumption will
likely lead to less than a 10% uncertainty in the estimates
of relative bar torque strength Qb (BBK03).
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9TABLE 1
Mean Properties of NIRS0S Samplea
Sample < Mo
B
> mean error < T > (RC3) mean error N
full sample −20.044 0.078 −1.595 0.128 190
SA galaxies −20.114 0.151 −1.530 0.165 60
SAB galaxies −20.129 0.175 −0.846 0.272 37
SB galaxies −19.735 0.094 −0.905 0.184 56
aBased on RC3 data and distances either from Tully (1988) or estimated us-
ing the linear Virgocentric flow model of Aaronson et al. (1982) and a Hubble
constant of 75 km s−1 Mpc−1.
TABLE 2
Fourier Analysis Samplea
Galaxy Type logDo MoB µo Telescope
1 2 3 4 5 6
NGC 718 (R′)SAB(rs)a 1.38 −19.4 31.65 NOT
NGC 936 SB(rs)0+ 1.67 −20.8 31.14 NOT
NGC 1022 (R)SB(rs)a pec 1.38 −19.4 31.33 NOT
NGC 1079 (R1R′2)SAB(rs)a 1.53 −19.0 31.13 NTT
NGC 1302 (R′
2
)SAB(rs)0/a 1.59 −20.0 31.51 NOT
NGC 1317 SAB(r)a 1.44 −19.3 31.14 NTT
NGC 1326 (R1)SAB(r)0/a 1.57 −19.9 31.14 NTT
NGC 1387 SB0− 1.45 −18.4 31.14 NTT
NGC 1440 SB(s)0+ 1.34 −18.9 31.30 NOT
NGC 1452 (R′)SB(r)a 1.36 −19.2 31.59 NOT
NGC 1512 SB(r)ab 1.95 −18.9 29.90 NTT
NGC 1533 (RL)SB0◦ 1.43 −19.9 30.64 NTT
NGC 1574 SB0− 1.52 −20.0 30.64 NTT
NGC 2217 (R)SB(rs)0/a 1.66 −20.1 31.45 NOT
NGC 2273 (RR)SAB(rs)a 1.54 −20.3 32.26 NOT
NGC 2681 (R)SAB(rs)0/a 1.57 −20.3 30.62 NOT
NGC 2781 (R′
2
)SAB(rs)0/a 1.45 −19.9 32.20 NOT
NGC 2787 SB(r)0+ 1.48 −19.2 30.58 NOT
NGC 2859 (R)SB(rl)0+ 1.62 −20.4 32.03 NOT
NGC 2983 (L)SB(s)0+ 1.38 −19.6 32.19 NOT
NGC 3081 (R1R′2)SAB(r)0/a 1.33 −20.0 32.56 NTT
NGC 3941 SB(s)0o 1.52 −20.2 31.38 NOT
NGC 4245 SB(r)0/a 1.46 −17.9 29.93 NOT
NGC 4596 SB(rs)0/a 1.58 −19.6 31.13 NOT
NGC 4608 SB(r)0/a 1.49 −19.2 31.13 NOT
NGC 4643 SB(rl)0/a 1.49 −20.6 32.05 NOT
aExplanation of columns: (1) galaxy name; (2) new B-band morphological
classification from the de Vaucouleurs Atlas of Galaxies (Buta, Corwin,
and Odewahn 2006), except for NGC 1440, 2781, 2787, and 3941 whose
types are in the same system but based on inspection of photographic images
in Sandage and Bedke (1994); (3) logarithm of isophotal diameter at µB =
25.00 mag arcsec−2, corrected for extinction and inclination (from RC3);
(4) absolute B-band magnitude based on RC3 data and (5) the distance
modulus from Tully (1988), which is based on a Hubble constant of 75 km
s−1 Mpc−1 in conjunction with a linear Virgocentric flow model (Aaronson
et al. 1982); (6) telescope used for near-IR imaging: NOT = Nordic Optical
2.5-m Telescope; NTT = ESO 3.5-m New Technology Telescope.
Tully, R. B. 1988, Nearby Galaxies Catalogue, Cam-
bridge, Cambridge University Press
Wozniak, H., Friedli, D., Martinet, L., Martin, P., &
Bratschi, P. 1995, A&AS, 111, 115
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TABLE 3
Gaussian Fourier Components for 24 Early-Type Barred and Oval Galaxiesa
Galaxy A2 A4 A6 A8 r2 r4 r6 r8 σ2 σ4 σ6 σ8 r2/ro
1 2 3 4 5 6 7 8 9 10 11 12 13 14
N0718-1 0.35 0.12 0.05 0.00 13.1 12.6 13.1 0.0 4.5 2.4 2.1 0.0 0.18
N0718-2 0.40 0.18 0.09 0.00 22.8 20.1 21.1 0.0 3.7 2.7 2.4 0.0 0.32
N0936-1 0.34 0.29 0.17 0.09 27.3 36.9 37.5 38.5 8.8 9.4 8.4 7.3 0.19
N0936-2 0.43 0.00 0.00 0.00 42.5 0.0 0.0 0.0 10.0 0.0 0.0 0.0 0.30
N1079 0.68 0.28 0.13 0.06 42.4 40.2 39.9 39.9 14.7 8.8 6.3 4.7 0.42
N1302-1 0.30 0.09 0.00 0.00 18.3 20.0 0.0 0.0 5.3 4.7 0.0 0.0 0.16
N1302-2 0.23 0.06 0.00 0.00 30.3 27.4 0.0 0.0 5.3 2.2 0.0 0.0 0.26
N1317 0.36 0.18 0.11 0.06 4.7 5.1 5.2 5.3 2.1 1.6 1.3 1.3 0.06
N1326-1 0.08 0.09 0.03 0.04 20.1 26.5 29.9 28.2 4.1 5.6 3.3 5.5 0.18
N1326-2 0.64 0.22 0.09 0.03 41.9 41.5 37.1 39.0 17.3 11.6 10.8 6.4 0.38
N1387 0.39 0.15 0.06 0.03 18.3 17.9 17.2 17.0 6.0 5.1 4.9 4.9 0.22
N1440 0.48 0.23 0.11 0.05 17.3 18.4 19.4 19.6 6.8 4.7 3.7 4.4 0.26
N1452-1 0.75 0.53 0.43 0.28 20.5 26.8 31.0 31.4 7.3 7.8 8.4 7.7 0.30
N1452-2 0.67 0.36 0.18 0.12 38.3 41.9 43.7 41.6 10.0 7.0 4.3 7.1 0.56
N1533 0.42 0.17 0.07 0.03 19.1 20.1 21.7 22.2 7.6 5.9 5.9 6.2 0.24
N1574 0.32 0.14 0.06 0.03 13.3 13.5 13.5 13.5 4.3 3.6 3.1 3.7 0.13
N2217 0.51 0.25 0.15 0.09 33.4 32.9 34.0 34.5 11.7 9.4 7.4 7.5 0.24
N2273-1 0.20 0.23 0.15 0.08 15.0 18.4 19.1 19.5 3.2 4.8 3.9 3.7 0.14
N2273-2 0.60 0.20 0.06 0.05 30.9 36.0 39.3 41.5 12.1 6.7 6.7 8.2 0.30
N2681 0.25 0.06 0.03 0.00 14.9 14.9 14.6 0.0 5.0 3.8 3.2 0.0 0.13
N2781-1 0.47 0.00 0.00 0.00 36.4 0.0 0.0 0.0 8.1 0.0 0.0 0.0 0.43
N2781-2 0.33 0.00 0.00 0.00 54.8 0.0 0.0 0.0 8.4 0.0 0.0 0.0 0.65
N2787 0.52 0.21 0.11 0.06 34.3 36.3 36.6 37.3 10.2 7.9 7.2 6.2 0.38
N2859-1 0.56 0.22 0.11 0.06 40.2 39.6 40.2 40.6 13.5 11.7 9.1 8.7 0.32
N2859-2 0.37 0.00 0.00 0.00 66.1 0.0 0.0 0.0 11.6 0.0 0.0 0.0 0.53
N2983-1 0.32 0.44 0.27 0.17 14.9 25.4 25.9 26.4 4.7 7.3 5.9 5.4 0.21
N2983-2 0.74 0.00 0.00 0.00 25.4 0.0 0.0 0.0 7.6 0.0 0.0 0.0 0.35
N3081 0.28 0.10 0.05 0.00 5.4 5.3 5.2 0.0 2.0 1.6 1.4 0.0 0.08
N3941 0.33 0.14 0.05 0.00 20.4 20.8 20.3 0.0 5.0 3.4 2.6 0.0 0.21
N4245-1 0.28 0.11 0.08 0.05 19.7 23.0 26.3 29.6 6.8 5.3 5.6 4.4 0.23
N4245-2 0.49 0.17 0.09 0.04 38.4 38.1 38.5 38.2 8.7 8.4 4.2 2.5 0.44
N4596-1 0.66 0.26 0.11 0.09 38.6 39.8 39.2 44.5 14.1 8.8 6.9 8.4 0.34
N4596-2 0.45 0.30 0.22 0.12 61.0 57.4 53.8 56.6 8.1 10.4 8.6 6.9 0.54
N4608-1 0.62 0.40 0.32 0.22 25.9 33.1 36.4 37.7 10.8 10.1 9.5 9.3 0.28
N4608-2 0.42 0.12 0.00 0.00 43.3 41.7 0.0 0.0 10.1 9.5 0.0 0.0 0.47
N4643-1 0.85 0.56 0.38 0.25 33.3 39.3 41.0 41.8 13.2 12.1 10.8 10.0 0.36
N4643-2 0.38 0.14 0.10 0.09 54.6 54.7 54.2 53.8 7.9 3.5 3.2 3.8 0.59
aExplanations of columns: (1) Galaxy name. If a double gaussian was fitted to the Im/I0 profiles, the
first gaussian is listed as ”-1” while the second is ”-2”. (2-5): gaussian relative amplitudes Am (equation
1) for m = 2, 4, 6, and 8. For a double gaussian fit (equation 2), A1m is listed on the first line and A2m is
listed on the second line for a given galaxy. (6-9): mean radii rm (or r1m and r2m for a double gaussian
fit), in arcseconds. (10-13): gaussian width σm (or σ1m and σ2m for a double gaussian fit), in arcseconds.
(14) ratio of radius r2 to the radius ro = Do/2 of the standard isophote having µB = 25.00 mag arcsec
−2.
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TABLE 4
Summary of Primary Componentsa
Galaxy Fourier Primary Other Main bar
profile type feature features profile type
1 2 3 4 5
NGC 718 MCFP pointy oval detached ansae, extended aligned oval intermediate
NGC 936 DGFP ansae bar flat
NGC 1022 MCFP distorted bar oval disk intermediate
NGC 1079b MCFP ansae bar extended misaligned oval flat
NGC 1302 DGFP pointy oval exponential
NGC 1317 MCFP oval intermediate (sec. bar)
NGC 1326 MCFP ansae bar extended aligned oval flat
NGC 1387 SGFP regular bar exponential
NGC 1440 SGFP regular bar intermediate
NGC 1452 DGFP regular bar flat
NGC 1512 MCFP ansae bar extended aligned oval flat
NGC 1533 SGFP regular bar extended misaligned outer oval intermediate
NGC 1574 SGFP regular bar extended misaligned outer oval intermediate
NGC 2217 SGFP regular bar flat
NGC 2273 MCFP ansae bar extended aligned oval flat
NGC 2681 MCFP regular bar extended misaligned ansae oval intermediate
NGC 2781 DGFP oval extended aligned oval intermediate
NGC 2787 SGFP ansae bar flat
NGC 2859 DGFP ansae bar inner oval, extended aligned outer oval flat
NGC 2983 DGFP ansae bar flat
NGC 3081 MCFP ring/oval aligned intermediate bar flat
NGC 3941 SGFP ansae bar intermediate
NGC 4245 DGFP regular bar extended aligned oval intermediate
NGC 4596 DGFP ansae bar extended aligned oval intermediate
NGC 4608 DGFP regular bar intermediate
NGC 4643 DGFP regular bar intermediate
aExplanation of columns: (1) Galaxy name; (2) the Fourier Im/I0 profile type based on gaussian fitting, where
SGFP = single gaussian Fourier profile, DGFP = double gaussian Fourier profile, and MCFP = multi-component
Fourier profile (section 5.2); (3) morphology of primary bar or bar-like feature; (4) additional non-nuclear bar-like
features; (5) Elmegreen and Elmegreen (1985) primary bar classification
bDeprojection uncertainties complicated analysis; inner regions affected by bulge deprojection stretch.
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TABLE 5
Mean Fourier Parametersa
Parameter mean standard mean n mean standard mean n
deviation error deviation error
1 2 3 4 5 6 7 8 9
SGFP Cases DGFP Cases
< r2 > (kpc) 1.76 0.74 0.28 7 2.68 1.31 0.41 10
< s2 > (kpc) 0.58 0.26 0.10 7 0.88 0.38 0.12 10
< r22 > (kpc) .... .... .... .. 4.39 1.96 0.62 10
< s22 > (kpc) .... .... .... .. 0.84 0.31 0.10 10
< I4/I2 > 0.43 0.04 0.01 7 0.64 0.33 0.11 9
< I6/I2 > 0.20 0.05 0.02 7 0.44 0.22 0.08 8
< I8/I2 > 0.10 0.04 0.01 6 0.28 0.14 0.05 8
< I10/I2 > 0.06 0.03 0.01 6 0.19 0.11 0.04 8
< I42/I22 > .... .... .... .. 0.41 0.16 0.07 6
< I62/I22 > .... .... .... .. 0.30 0.14 0.07 4
< I82/I22 > .... .... .... .. 0.19 0.08 0.04 4
< I102/I22 > .... .... .... .. 0.11 0.07 0.04 3
< r4/r2 > 1.02 0.04 0.01 7 1.23 0.21 0.07 9
< r6/r2 > 1.04 0.07 0.03 7 1.33 0.25 0.09 8
< r8/r2 > 1.06 0.08 0.03 6 1.39 0.24 0.08 8
< r10/r2 > 1.12 0.14 0.06 6 1.44 0.25 0.09 8
< r42/r22 > .... .... .... .. 0.98 0.06 0.03 6
< r62/r22 > .... .... .... .. 1.00 0.11 0.05 4
< r82/r22 > .... .... .... .. 1.00 0.07 0.03 4
< r102/r22 > .... .... .... .. 1.04 0.11 0.07 3
< s4/s2 > 0.77 0.07 0.03 7 0.96 0.26 0.09 9
< s6/s2 > 0.68 0.11 0.04 7 0.88 0.24 0.09 8
< s8/s2 > 0.74 0.12 0.05 6 0.81 0.20 0.07 8
< s10/s2 > 1.05 0.36 0.15 6 1.18 0.28 0.10 8
< s42/s22 > .... .... .... .. 0.79 0.33 0.14 6
< s62/s22 > .... .... .... .. 0.60 0.31 0.16 4
< s82/s22 > .... .... .... .. 0.58 0.25 0.12 4
< s102/s22 > .... .... .... .. 0.92 0.44 0.26 3
< Mo
B
> −19.53 0.70 0.26 7 −19.72 0.84 0.27 10
aExplanation of columns: (1) Fourier parameter (linear diameters use the distance moduli from
Table 1); (2)-(5) parameter means, standard deviations, mean errors, and the number of objects
for SGFP cases from Table 4; (6)-(9) the same for DGFP cases from Table 4.
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TABLE 6
Bar Strengths and Qb Families
a
Galaxy Qb Family Qb mean error
1 2 3 4
NGC 718 SAB 0.124 0.000
NGC 936 SAB 0.201 0.028
NGC 1022 SAB 0.142 0.016
NGC 1079 SAB 0.242 0.052
NGC 1302 SAB 0.130 0.007
NGC 1317-primary bar SAB 0.091 0.008
NGC 1317-secondary bar SAB 0.086 0.006
NGC 1326 SAB 0.161 0.014
NGC 1387 SAB 0.065 0.002
NGC 1440 SAB 0.141 0.004
NGC 1452 SB 0.416 0.035
NGC 1512 SB 0.270 0.015
NGC 1533 SAB 0.107 0.002
NGC 1574 SAB 0.064 0.006
NGC 2217 SAB 0.170 0.008
NGC 2273 SAB 0.209 0.001
NGC 2681-inner bar SA 0.039 0.003
NGC 2681-outer oval SAB 0.061 0.004
NGC 2781 SAB 0.066 0.001
NGC 2787 SAB 0.182 0.051
NGC 2859 SAB 0.105 0.004
NGC 2983 SB 0.297 0.007
NGC 3081-primary bar SAB 0.069 0.001
NGC 3081-primary oval SAB 0.153 0.013
NGC 3081-secondary bar SAB 0.066 0.004
NGC 3941 SAB 0.085 0.005
NGC 4245 SAB 0.180 0.002
NGC 4596 SB 0.271 0.061
NGC 4608 SB 0.252 0.005
NGC 4643 SB 0.299 0.002
aExplanation of columns: (1) Galaxy name; (2) quantitative
family estimate following Buta et al. (2005); (3) maximum rela-
tive bar torque based on gaussian and other mappings; (4) mean
error excluding systematic effects.
Fig. 1.—
Fig. 1.— Histograms of numbers of NIRS0S galaxies versus RC3
type index T and absolute blue magnitude Mo
B
based on RC3 data
and distances (mainly from Tully 1988) using a Hubble constant
of 75 km s−1 Mpc−1. The top two graphs are for the full sample,
while the lower ones are divided according to RC3 family.
Fig. 2.—
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Fig. 2 (cont.).— Deprojected Ks-band images of 26 NIRS0S
galaxies. These are displayed mostly to emphasize the primary
bars and outer disks, but not necessarily any nuclear structure.
The exceptions are the secondary bars of NGC 1317 and 3081,
indicated by ”SECBAR.” The dimensions of each square are 1.′96
× 1.′96 except for the following: NGC 1079, 1317, 1326, 1533, 3081
(2.′47 × 2.′47); NGC 2781, 2859, 4596, 4643 (2.′73 × 2.′73); NGC
1512 (3.′44 × 3.′44); and the secondary bar closeups of NGC 1317,
3081 (0.′62 × 0.′62).
Fig. 3.—
Fig. 3 (cont.).—
Fig. 3 (cont.).—
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Fig. 3 (cont.).—
Fig. 3 (cont.).—
Fig. 3 (cont.).—
Fig. 3 (cont.).— Relative Fourier intensity and phase profiles for
26 early-type disk galaxies. The left panels show the Im/I0 profiles
for m=2 (solid curves), 4 (dotted curves), 6 (dashed curves), and
8 (dash-dot curves). The right panels show the phases φm for
m=2 (solid curves) and 4 (dotted curves). The 360◦/m periodicity
causes the sharp changes in phase in many of the plots.
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Fig. 4.—
Fig. 4 (cont.).—
Fig. 4 (cont.).—
Fig. 4 (cont.).— Gaussian representations of the m=2, 4, and 6
Im/I0 profiles of the same galaxies as in Figure 3. Crosses show the
fits. In NGC 1022 and 1512, the crosses are based on the symmetry
assumption, not gaussian fits. For NGC 2781, the two gaussians
are in slightly different position angles and are shown separately.
Higher order terms than m=6 could also be fitted similarly but are
not shown.
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Fig. 5.—
Fig. 5 (cont.).— Reconstructed images of the bars of the 26
galaxies based on the gaussian or symmetry assumption represen-
tations shown in Figure 4. Only even Fourier terms up to a maxi-
mum mmax were used depending on the strength of the bar. For
the strongest bars in the sample, mmax=20. The dimensions of
each square are the same as in Figure 2.
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Fig. 6.—
Fig. 6 (cont.).— Residual m > 0 images of the 26 galaxies on
the same scales as in Figure 5. These include even and odd Fourier
terms up to mmax=20 as needed. These maps show asymmetries,
extra bar-like features in the center, and the imperfections of some
of the gaussian fits. The dimensions of each square are the same
as in Figure 2.
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Fig. 7.—
Fig. 7.—
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Fig. 7 (cont.).— Radial surface brightness profiles along the
major and minor axes of the main bar. The radii are normalized
to the radius r2 of the m=2 Fourier term, while surface brightness
is shown relative to the surface brightness at this same radius. For
NGC 1317, the curves shown are for the secondary bar, not the
primary oval.
Fig. 8.— Two representations of the bar in NGC 1452 based
on application of the symmetry assumption, as opposed to the
gaussian fits shown in Figure 4. The left plot shows the mapping
(crosses) for r2=24′′ while the right plot shows the mapping for
r2=30′′. The latter resembles what we have used for NGC 1512 in
Figure 4.
Fig. 9.— Residual intensities in NGC 1452 after removal of the
bar mappings in Figure 8. The left panel is based on r2=24′′ while
the right panel is for r2=30′′.
Fig. 10.— A representation of the bar in NGC 4245 based on
application of the symmetry assumption (crosses), as opposed to
the gaussian fits shown in Figure 4.
